Background--Noncardiovascular death is increasingly common in people with chronic heart failure (CHF), yet its causes remain poorly characterized. We aimed to define the prevalence of sepsis death in people with CHF and to ascertain its risk marker profile.
A dvances in the management of cardiovascular disease have been associated with a progressive rise in the prevalence of chronic heart failure (CHF). 1 Similar advances in heart failure care have been associated with greater survival of people who develop heart failure. [2] [3] [4] Importantly, the reduced mortality of people with heart failure has also been associated with an increasing contribution of noncardiovascular modes of death. 2, 5, 6 Sepsis has been identified as a contributor to noncardiovascular death 6, 7 and hospitalization 8, 9 in mixed heart-failure populations including people with preserved and reduced left ventricular ejection fraction (LVEF). However, which people are at greatest risk of sepsis death and whether a sepsis-specific risk marker profile exists remain uncertain. We aimed to define the prevalence of sepsis death in ambulant CHF patients with reduced LVEF, define risk markers for sepsis death, and then contrast the risk marker profile of sepsis death with those of other competing modes.
Methods Data Availability
The data, analytic methods, and study materials will not be made freely available to other researchers for purposes of reproducing the results or replicating the procedure because the complete study data set contains potentially identifying data; however, data will be made available by the corresponding author to other researchers who have appropriate ethical approval and data protection arrangements.
Study Design
As described in our earlier publications, we conducted a prospective cohort study with the predefined aim of identifying prognostic markers in patients with CHF and LVEF, receiving contemporary evidence-based therapy 10, 11 ; the aim of this analysis of the cohort study was to specifically focus on sepsis-related death. Inclusion in the study required the presence of stable signs and symptoms of CHF for at least 3 months, age ≥18 years, and LVEF ≤45% on transthoracic echocardiography. Between June 2006 and December 2014, consecutive patients attending specialist cardiology clinics (secondary and tertiary referral) in 4 UK hospitals were approached, and 1802 patients provided written informed consent. The Leeds West Research Ethics Committee gave ethical approval, and the investigation conformed to the principles outlined in the Declaration of Helsinki.
As described previously, 11 details of medical history were collected at recruitment, and symptomatic status was defined using the New York Heart Association classification. Venous blood was collected at study recruitment for measurement of electrolyte concentrations and assessment of renal function and hematological parameters; these tests were performed in the local hospital chemical pathology laboratories. Estimated glomerular filtration rate was calculated using the Modification of Diet in Renal Disease method, as detailed in our earlier description of this cohort study. 11 Two-dimensional echocardiography was performed according to The American Society of Echocardiography recommendations. Resting heart rate was measured using 12-lead ECGs. Prescribed doses of loop diuretics, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and b-blockers were collected at study recruitment. Total daily doses of b-blocker, angiotensinconverting enzyme inhibitors (or angiotensin receptor blocker if used instead of angiotensin-converting enzyme inhibitors), and loop diuretic were expressed relative to the maximal licensed dose of bisoprolol, ramipril, and furosemide, respectively, as previously published. 11 Receipt of cardiac resynchronization therapy or an implantable cardioverter-defibrillator was assessed during the 6-month period after recruitment.
Mortality Classification
All patients were registered with the UK Office of Population Censuses and Surveys, which provided details of time of death, with a final censorship date of May 8, 2016 . Classification criteria for the mode of death were defined before the study commenced, as previously reported. 2 Importantly, mode of death describes the broad mechanism of death but is different from attributing a specific cause of death (for example, a progressive heart failure death could have many different causes, such as dilated cardiomyopathy or ischemic heart disease), aiming to describe how people die and how overall therapeutic strategies may need to evolve. In brief, all deaths were evaluated by at least 2 clinicians who reviewed death certificates, autopsy findings, and medical records, as appropriate; when insufficient information was available, the mode of death was deemed unclassifiable. Mode of death was classified as: (1) sudden cardiac, if occurring within 1 hour of a change in symptoms, during sleep, or while the patient was unobserved; (2) progressive heart failure, if occurring after a documented period of symptomatic or hemodynamic deterioration; (3) other cardiovascular death, if not occurring suddenly or in association with progression of heart failure; and (4) noncardiovascular death. Noncardiovascular death was subclassified by the evaluating clinicians as sepsis death if preceded by deteriorating symptoms, signs (eg, pyrexia, tachycardia, hypotension, tachypnea, confusion) and laboratory indices of sepsis (eg, elevated inflammatory markers, possibly with microbiological, serological, and/or imaging evidence), resulting in treatment with antimicrobial therapy.
Statistical Analysis
All statistical analyses were performed using IBM SPSS statistics version 21 (IBM Corporation, Armonk, NY) and Stata MP64 version 14 (Statacorp LLC, College Station, TX). Continuous data are presented as mean (standard error of the mean) or median (interquartile range) for normal and
Clinical Perspective
What Is New?
• Sepsis accounts for almost one quarter of deaths in people with heart failure.
• Advancing age, chronic obstructive pulmonary disease, male sex, lower serum vitamin D, and increasing platelet count are independent risk markers for sepsis death.
• Sepsis death has a risk marker profile that is distinct from progressive heart failure death, sudden cardiac death, and other noncardiovascular death.
What Are the Clinical Implications?
• Strategies to improve outcomes in heart failure populations will need to consider prevention, identification, and management of sepsis.
• Patients at high risk of sepsis death can be identified using simple clinical data.
nonnormally distributed variables, respectively, and categorical data are shown as percentage (number). Multiple imputation by chained equations was used to produce 50 imputed data sets to minimize potential bias due to missing data (Data S1). Pooled estimates and accompanying 95% confidence intervals (CIs) over each imputed data set were generated according to Rubin rules for all unadjusted and adjusted regression models. Notably, there were minimal missing data for most variables, other than vitamin D (30.5% missing), which is due to the late inclusion of this in our prospective data collection protocol as a result of data implicating this in heart failure outcomes. 13 
Results
After a mean follow-up period of 4 years, a total of 737 (40.9%) deaths occurred, the modes of which were progressive heart failure in 30.9%, sudden cardiac in 15.2%, other cardiovascular in 8%, noncardiovascular in 42.6%, and unclassifiable in 3.3% ( Figure 1A ). Within the noncardiovascular deaths, 55.1% (n=173) were due to sepsis, representing 23.5% of all deaths; the remaining noncardiovascular deaths were accounted for by cancer in 24.8% (n=78), with no other single disease process accounting for more than 5% of noncardiovascular deaths. The primary source of sepsis is illustrated in Figure 1B , with %70% of sepsis deaths involving the respiratory tract. The cumulative incidence of sepsis and other modes of death is illustrated in Figure 2 . Notably, a sensitivity analysis restricted to people with LVEF <40% (n=1312) reached almost identical conclusions, with 22.2% of deaths being due to sepsis ( Figure S1A ), with %70% of cases involving the respiratory tract ( Figure S1B ), following a similar time-course in cumulative incidence curves ( Figure S2 ).
The recruitment characteristics of patients with sepsis-and non-sepsis-related modes of death are shown in Table 1 , with characteristics of survivors also presented for reference. Of patients who died, sepsis death was associated with greater age, increased platelet count, increased prevalence of COPD, and borderline lower serum vitamin D concentration (P=0.06). Notably, these differences were apparent even when patients with sepsis death were compared with a heterogeneous mix of nonsepsis deaths, including progressive heart failure, sudden cardiac death, and noncardiovascular deaths. We also noted that sepsis death was significantly more likely to occur in a hospital setting (86.1% [n=149]) than other deaths (49.4% [n=267]; P<0.001).
Predictors of Sepsis Death
Unadjusted competing risk regression (sepsis death versus survival or competing causes of death) showed that advancing age, COPD, higher New York Heart Association class, lower hemoglobin, renal dysfunction, lower albumin, lower serum vitamin D, and higher diuretic requirements were each univariately associated with sepsis death (Table 2) . After adjustment for all variables concurrently, advancing age (hazard ratio=1.05; 95% CI 1.03-1.07), COPD (2.43, 1.74-3.40), male sex (1.73; 1.16-2.60), lower log serum vitamin D (0.68; 0.49-0.95), and rising platelet count (1.002; 1.000-1.005) were independently associated with increased risk of sepsis death (Table 2) . Notably, a sensitivity analysis restricted to people with LVEF <40% (n=1312) reached very similar conclusions, with advancing age (hazard ratio=1.04; 95% CI 1.02-1.07), COPD (hazard ratio=2.12; 95% CI 1.38-3.25), and lower log serum vitamin D (hazard ratio=0.61; 95% CI 0.41-0.92) remaining the most strongly associated variables (Table S2) .
Crucially, the variables most strongly associated with sepsis death showed a distinct profile compared to other noncardiovascular death, progressive heart failure, sudden cardiac death, and all-cause death ( Figure 3 and Tables S3  through S7 ). Moreover, although advancing age, male sex, COPD, and higher platelet count were associated with several modes of death, low serum vitamin D showed a unique association with sepsis death; lower hemoglobin and lower albumin were uniquely associated with other noncardiovascular death; higher New York Heart Association class, lower lymphocyte count, lower LVEF, and higher diuretic dose were uniquely associated with progressive heart failure death; lower sodium and higher neutrophil counts were uniquely associated with sudden cardiac death.
Discussion
Our analysis of a large well-characterized cohort with CHF and reduced LVEF shows that sepsis accounts for almost a quarter of deaths, making this the second most common mode of death after progressive heart failure. We also present the first-ever analysis of sepsis death risk markers and show that this risk marker profile is distinct from other common modes of death. Importantly, our major observations were unchanged in sensitivity analyses restricted to people with heart failure and reduced ejection fraction (HF-REF) defined using the most contemporary definitions (ie, LVEF <40%). This may have major implications for strategies to further improve the outcomes of people with CHF and poses important questions about whether sepsis can be prevented or mitigated to improve net survival. More broadly, our analyses highlight the heterogeneous mortality of people with CHF, further emphasizing that more nuanced risk stratification and intervention may offer a more effective approach to improve overall survival.
Sepsis and Adverse Outcomes in CHF Cohorts
Little is known about sepsis death in strictly defined populations with HF-REF, although some data are available from mixed populations also including heart failure with preserved LVEF. Lee et al described factors underlying 1025 deaths between 1971 and 2004 in Framingham Heart Study participants with heart failure 6 ; LVEF was known in 57% of Figure 2 . Cumulative incidence of sepsis death in relation to other common modes of death. Cumulative incidence functions illustrating sepsis, other noncardiovascular, progressive heart failure, and sudden cardiac death during follow-up.
cases, of which 59% had HF-REF. Overall, 38% of deaths had a noncardiovascular mode, and the largest component of these was respiratory (infectious and noninfections) disease, although the contribution of sepsis per se was not described. Ueda et al studied 459 people admitted with acute decompensated heart failure to a single center in Japan between 2007 and 2011, 52% of whom had HF-REF. 7 During a mean 20-month follow-up period, 40% of deaths were noncardiovascular, and 19.5% (n=34) of these were due to sepsis, with this being more common in people aged >75 years. In a recent systematic review of heart failure with preserved LVEF epidemiological studies, 42% of deaths were noncardiovascular, with almost one third of these being due to sepsis.
14 Regarding hospitalization, Logeart et al found that 27% of all acute decompensated heart failure admissions to 170 French hospitals on a single day in 2009 were precipitated by sepsis. 9 Moreover, Alon et al found that of over 9000 people admitted to a hospital in Israel with decompensated heart failure, 38% had at least 1 decompensation precipitated by sepsis. 8 Respiratory tract infections and bacteremia accounted for 77% of these, with risk markers for such hospitalizations including female sex, advancing age, COPD, chronic kidney disease, and anemia.
Wider Context of Sepsis Death
Severe sepsis hospitalization rates more than doubled in the United States between 2000 and 2007, 15 and sepsis has been estimated to contribute to between a third and a half of deaths occurring in US hospitals. 16 CHF is an established risk marker for adverse outcomes during hospitalization with sepsis, 17, 18 and so the improving survival of people with CHF is likely to increase the adverse coincidence of sepsis and CHF. Influenza and pneumococcus vaccinations are an important strategy to prevent sepsis in people with CHF, 19, 20 but given the high uptake of these in UK primary care, 19 our data may suggest that additional strategies are needed. Unfortunately, we do not have data on the provision of vaccination and the incidence of (nonfatal) sepsis in our cohort. A further window of opportunity may be during the management of early sepsis, when recognition of the adverse risk associated with CHF could prompt more intensive monitoring and treatment. However, further research is required to address these issues.
Risk Markers of Sepsis Death
Our study is the first to define risk markers for sepsis death in unselected people with CHF. We found that a wide range of patient factors were associated with sepsis death in univariate analyses, and these broadly reflected age, heart failure severity, and comorbidity. Our multivariate analysis narrowed these to advancing age, COPD, male sex, lower vitamin D, and higher platelet count. Although advancing age is a risk marker for most adverse events, and COPD is unsurprising given that most sepsis deaths were respiratory tract in origin, the other risk markers were potentially less anticipated. Indeed, there are no data linking vitamin D status to sepsis events in people with heart failure; however, low serum vitamin D has been 
Sepsis as a Distinct Mode of Death
A key finding of our study is the distinct contribution of baseline patient characteristics to the prediction of sepsis, other noncardiovascular, progressive heart failure, and sudden cardiac death. This implies that sepsis is a distinct mode of death and not simply a misclassification of other modes of death. Perhaps more importantly, by showing unique/specific risk markers for each mode of death, our observations suggest that more nuanced risk prediction could guide targeted interventions to improve survival. However, the primary aim of these analyses was to define whether modespecific risk marker profiles exist, so further work will be required to understand whether this knowledge can improve care. Importantly, our data do not imply that heart failuredirected care is unimportant to improving outcomes of people most at risk of sepsis death, or vice versa; indeed, heart failure status is likely to be a critical factor in survival from severe sepsis. Instead, our observations highlight prevention and/or treatment priorities to further improve outcomes of patient groups already established on contemporary evidencebased heart failure therapy. It is also important to clarify that our data cannot be used to infer specific subtypes of sepsis death, such as those related primarily to respiratory failure versus multiorgan failure, but it is likely that sepsis deaths are heterogeneous.
Strengths and Limitations
Our study provides entirely novel insights regarding the prevalence, nature, and predictors of sepsis in people with CHF, with potentially important implications for how we can continue to improve survival. However, it is important to acknowledge the limitations of our study that will need to be addressed by future research. First, we cannot comment on whether increased sepsis incidence or case fatality underpins the association of our identified risk markers with sepsis death. This differentiation is important because it could inform us about the potential value of better sepsis prevention versus sepsis care. Second, the observational nature of our study prevents us from reaching causal inferences about the identified associations of risk markers. Third, it is possible that our data are not generalizable to all heart failure populations, particularly those with preserved ejection fraction, but the existing data from mixed CHF populations across the world provide some support for the high prevalence of sepsis death. Fourth, we do not have data on specific pathogens in most of our patients, reflecting the challenge in establishing this in many cases of respiratory tract infection. Figure 3 . Predictors of sepsis death differ from those of alternate modes of death. Heat map of relative variable contributions to multivariate models predicting mode-specific or all-cause mortality, illustrating the distinct risk marker association with sepsis death. More intense red tones denote a greater percentage contribution of a variable to the global Wald score for prediction of a specific mode of death. COPD indicates chronic obstructive pulmonary disease; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HF, heart failure; Ln, natural logarithm; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
Finally, it remains unclear how preventing sepsis death would impact on other outcomes important to people with CHF, and valuable insights may be gained by studying changes in the quality of life of people with CHF surviving severe sepsis.
Conclusions
Sepsis accounts for almost a quarter of deaths in people with HF-REF receiving contemporary care, suggesting that ongoing efforts to improve survival will need to carefully consider sepsis prevention and management. Sepsis death is associated with a risk marker profile distinct from other important modes of death, suggesting that it may be amenable to prediction and prevention. 
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Imputation methods
Multiple imputation by chained equations under the missing at random assumption was used to impute 50 sets of data to minimise any potential bias caused by missing data. eGFR -estimated glomerular filtration rate; LVEF -left ventricular ejection fraction; COPD -chronic obstructive pulmonary disease;
ICD -implantable cardioverter defibrillator; CRT -cardiac resynchronisation therapy; NYHA -New York heart association. 
